Mouse embryo gastrulation occurs at the primitive streak, where epiblast cells undergo an epithelial-mesenchymal transition and ingress to form a new population of mesenchymal cells that give rise to mesoderm and endoderm. Nascent mesoderm migration requires actin reorganization and dynamics, both regulated by Rho GTPases, among which Rac1, for which we have shown a role in cell migration and adhesion to the extracellular matrix.
Mouse embryo gastrulation occurs at the primitive streak, where epiblast cells undergo an epithelial-mesenchymal transition and ingress to form a new population of mesenchymal cells that give rise to mesoderm and endoderm. Nascent mesoderm migration requires actin reorganization and dynamics, both regulated by Rho GTPases, among which Rac1, for which we have shown a role in cell migration and adhesion to the extracellular matrix.
Through two-photon excitation live imaging of Brachyury (T)-Cre; mT/mG embryos, we have tracked cellular ingression and mesoderm migration at high resolution. We observe that nascent mesoderm cells leaving the streak have different shape changes and modes of displacement, depending on whether they invade the embryonic or extra-embryonic portions of the embryo. Interestingly, RhoA and Rac1 conditional deletion in nascent mesoderm impedes embryonic, but not extra-embryonic mesoderm migration. We have developed novel computer tools to refine and automate the analysis of cell behaviour and trajectory during gastrulation.
In parallel, we have studied the transcriptome of embryonic and extra-embryonic mesoderm cells along gastrulation, and have detected a rapid deviation upon entry in embryonic or extraembryonic environment, in particular at the level of adhesion molecules and extracellular matrix secretion.
Ongoing work in the laboratory aims to correlate cellular shape and motility with cytoskeletal dynamics and Rho GTPases activity in different portions of the embryo throughout gastrulation. In addition, we will assess the role of the extracellular milieu through culture of ex vivo explants and cells on matrices of defined composition, rigidity, and geometry. During development functional identity of cell populations must be specified along the body axes in order to generate the animal body plan. In vertebrates, the unsegmented anterior / head mesoderm and the posterior mesoderm that from somites are broad subtypes with distinct regulatory programs. We addressed whether the early program specifying mesoderm identity is divergent for the head mesoderm and the posterior mesoderm. Specifically, we tested whether the T-box transcription factor Tbx6, widely considered to play a role exclusively in posterior somite-forming mesoderm, underlies the divergence in the head and posterior mesoderm programs. Unexpectedly, our mouse mutant studies indicate a role for Tbx6 in the development of head mesoderm derivatives as well. Instead, our data support that the earliest signaling cues that polarize embryos along the anterior-posterior body axis underlie the divergence of head mesoderm and posterior mesoderm. Using embryonic stem cell differentiation as well as mouse embryology approaches, we show that the dual inhibition of Wnt / β-catenin and Nodal (TGFβ) signaling confer head mesoderm identity. Remarkably, mesoderm progenitors generated in culture by the dual inhibition differentiate readily and efficiently into beating cardiomyocytes and contractile skeletal muscle fibers mimicking the unique binary potential of the head mesoderm. Importantly, we find that Wnt / β-catenin inhibition is crucial for robust head mesoderm development in vivo. Taken together with evidences from literature, our study points to Wnt signaling and its inhibition as the 'switch' in bifurcating early mesoderm into posterior and anterior compartments, respectively. The role of Wnt / β-catenin signaling and inhibition in anterior-posterior (A/P) axis patterning appears conserved across bilateria and is therefore, considered central to achieve the bilaterian body plan. In this context, the anterior mesoderm subtype specification by Wnt inhibition is also likely a fundamental mechanism of early mesoderm patterning along the body axis across phylogeny. Decoding temporal interpretation of the morphogen Bicoid in the early Drosophila embryo Morphogen gradients provide essential spatial information during development. Not only the local concentration but also the duration of morphogen exposure is vitally important for correct cell fate decisions. To understand how cells temporally integrate information from a morphogen requires timespecific and reversible manipulation of morphogen signaling. We developed an optogenetic tool to switch off Bicoid-dependent transcription in the early Drosophila embryo with high temporal resolution. We find that Bicoid transcriptional activity is dispensable for embryonic viability in the first hour after fertilization, but persistently required throughout the rest of the blastoderm stage. Short interruptions of Bicoid activity alter the most anterior cell fate decisions, while prolonged inactivation expands patterning defects from anterior to posterior. Such anterior susceptibility correlates with high reliance of anterior gap gene expression on Bicoid. Therefore, cell fates endowed by higher Bicoid concentration also require input for longer duration, demonstrating a new aspect of morphogen decoding. 
